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(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the ripple of a far field 
pattern of a semiconductor laser, by so setting the compositions 
and the film thicknesses of its upper and lower guiding layers that 
the ripple of its far field pattern in the vertical direction to the 
surface of its laminated layer is suppressed. 
SOLUTION: In a semiconductor laser element 100, the compositions 
and the film thicknesses of its n-Iny1 Ga1 -y1 N lower guiding layer 
104 (film thickness d1 urn) and its P -Iny2Ga1-y2N upper guiding 
layer 107 (film thickness d2 u.m) are so set that the condition of neq 
>nGaN is satisfied between an equivalent refractive index neq of its 
oscillation mode and a refractive index nGaN of its GaN layer 101 
The case satisfying this condition exists about within the scope of 
0.06>d1+d2, 0.01 <y1, and 0.01 <y2. In the semiconductor laser 
element 100 existent within the scope satisfying this condition, 
there can be obtained always a single-humped far field pattern 
whose ripple is suppressed to the extent of no problem occurring. 
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(54) [g«®«*] i|«^l^^*i^3fi*a««H^S 



(57) [«»] 

[fifft^gfcl GaNlh AhiGai-nN (0. 0 
5^x1^0. 2)T«*?yKJBi, I nyiGai-»i 
N (0<y 1<1) T»*^f KS «*d 1 [Mm] ) 
fc, A 1 ai I nbiGai-ai-biNi-«i-n P«i As 
fi (OSal, 0£bl> al+blSl, 0£el> 
O^f 1> e 1 + f 1<0. 5) #F1*:A1«2 I nb2 
G a i-a2-b2 Nl-«2-f2 P»2 A s f 2 (0£a2, O^b 
2. a 2 + b 2*1, 0£e 2, OSf 2. e 2 + f 2 

<0. 5) »Mi 6 teftSHtl (R 
fWa [urn]) t, Iny2Gai-y2N (0<y2< 
1) ±»#>r Kl (®U¥d2 [Mm] ) fc> Alx2Ga 
i-x2N (0. 05^x2^0. 2) ±M#7vYMk. 
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[Sl**l] GaNii, 

Al.1G11-.1N (0. OSSxlSO. 2) T85*7 
v KS t . 

In,.Ga,-„N (0<y 1<1) T«*-f KS (K)? 
d 1 [urn]) 

Al.i 1 nb.Gai-.i-biN.-.i-nP.iAsfi (OSa 
1, OSbK al + blSi. OSel, OSf 1, 
el + fl<0. 5) H-'FMt A 1 «i I nuGa 
1 .. 2 -blNi-.l-flP.2Asf2 (0Sa2, 0Sb2, a 
2 + b2SK 0Sa2- OSf 2, e2 + f 2<0. 

[am] ) i, 

Ib„0.i.,iN (0<y2<l) ±»*MKS (KS 
d 2 [am] ) i. 

Al.iGai-.iN (0. 05Sx2S0. 2) ±SB>7 

«SB fc»I*l».W7 7 -7 -f -*> \"<9-*K*tt* 
y *7iwM»«*t6J;5C. *T»*M KS*«* 
±{HS;fM KS©iWi»MH:Rei/C46 



Ht#«2] GaNii, 

A1„G.,-..N (0. OSSxlSO. 2) T»*? 

In,iGa,-»iN (0<y Kl) KB W* 

d 1 [am] ) i> 

A l.i I nbiGa1-.i-biN1-.1-fi P.i Asn (OS a 
1, OSbl, a 1 + b 1S1, OSe 1, OS f 1> 
el + fl<0. 5) #FSiA1.2 1 nbiGa 
,..2-b2Ni-.2-fiP.jAsf2 (0Sa2> 0Sb2, a 
2 + b2Sl, 0Se2, OSf 2, e2+f 2<0. 
5) »flSi:«)JSE#S«|ji*^<c2>ffii4S (K)?Wa 

[am] ) t- 

In,2Ga,-,2N (0<y2<l) ±M%4 KS «* 
d 2 [am] ) i< 

Al.1Gk1-.2N (0. 05Sx2S0. 2) 5 

ttGaNS»BJr*ns.iifc<DmC n.«Sns.« 
©■fiesta*** *T»*4 Kl*J:tf*±» 

HmWcu-D 8 *^ 
l»#*3] GaNlt- 

Al.iGa,-..N (0. OSSxlSO. 2) TU* 7 
v KSt« 

U„G..-,.N (0<yl<D TCT^KS mm 
d 1 [am] ) 

Al.i 1 nb.Gat-.i-biNi-.i-fi P.i Asn (OS a 



1, OSb K a 1 + b 1S1. OSe 1. OS f 1. 
e 1 + f 1<0. 5) JWBfcAl.il nbiGa 
,-. 2 -tlN.-.l-fiP.lAsfl (OSa 2. 0Sb2, a 
2 + b2Sl« 0Se2, OSf 2. e2+f 2<0. 
5) »gSi©3SL#Slf*it*?>*S iS * fe S (BS * Wa 

In,iGa,-,iN (0<y2<l) ±M*4 KS (■* 
d 2 [am] ) i:, 

Al.iG.i-.iN (0. 05SX2S0. 2) ±88*7 

KTIMK KS*5.fctH*±«2M 

0 0 6Sdl+d2S0. 1*^0. 06Syl, 
0. 06Sy2, bUlt 0. Kdl + d2S0. 

1 54.00. 04Syl. 0. 04Sy2, *>L<li, 
0. 15<dl+d2S0. 2 4>o0. 03Syl. 
0. 03Sy2. tt<«. 0. 2<d l + d2S0. 
3*>o0. 0l5Syl. 0. Ol5Sy2, tU< 
ti. 0. 3<dl + d2i^O. OlSyK 0. 01 

20 Sy2, m>i*ix^«ili^5x«tX^5CtSr^»i: 
w—?*-?-. 
138**4 ] GaNii, 

Al.iG.i-.iN (0. OSSxlSO. 2) TM 7 

^n!,Ga,-,.N (0<yl<D T«HM KB OW 
d 1 [am] ) 

Al.il nb,Gai-.i-b.N,-..-f.P.iAsf, (OSa 
1, OSbl, al + blSK OSel. OSf U 
el + fKO. 5) JfFStAl.i 1 nbiGa 
JO ,..2-b2N.-.2-flP.2Asf2 (OSa 2, 0Sb2. a 
2 + b2Sl, 0Se2, OSf 2, e2+f 2<0. 
5) WMfc (BgffWa 

ln,iGa,-,2N (0<y2<l) ±M*4 KS «« 
d2 Um]) fc« 

Al.2Ga,-.2N (0. 05SX2S0. 2) -h«> 7 
*KBk, 5r^©«St«^***^- if ^' Cfoo 



*T»#4 KlSttrtLMW" KS©RI? 
40 y& 0. 0 03/d-0. 0 03+ (0. 00 7-0. 
22XWa) + ("0. 010 + 0. lOXx) Cfc« 

d = (<j 1 + d 2) /2, 

y = ( y lXdl + y2Xd2)/ (d 1 + d 2) . 
x= (x 1+x 2) /2] 
©SACK* UC4* i i * 

^ w-¥ft©£Mft&*«3El*'*~*- i:,CJ:0> ** 
50 ^^cEMtSftfc^WB**** ******* 
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[iit#*6] GaNiL 

AhiGa,-xiN (0. 05^x1^0. 2) Tfcfl^ 7 
y KS£, 

1 nyiGai-yiN (0<y 1<1) T&tf'f Kit. 
A 1 ai I nbi G a i-ai-bi Ni-ti-f i P«i A s f i (O^a 
1, O^bh al + blSU 0£e 1, O^fK 
el + f 1<0. 5) #FMt Ala2 I nb2Ga 
i-.2-b2Ni-a2-f2P«zAsf2 (0£a2, 0^b2, a 

2 + b2£l* 0^e2, O^f 2, e2+f 2<0. 

I n,2Gai-y2N (0<y 2<1) ±tt*M Kit, 
Alx2Gai-x2N (0. 05Sx2£0. 2) ±&*7 

«Ttt*M vm<om&* i ^ ttTttaM kh<& i n 

±«;SM Kl<01 nMy2^ 
0. 06^dl + d2 > 
0. Ol^yK 0. 0 1 2 

111**7] het»#-< vmvmmd um^i; 

ttTW^W Kl^ I nttlKy l* 4 * yl^O. 0 0 3/ 

di-o. oosolWtifct, n*aei:Eto» 

[sl**8] MET*** KloWd 
grnfltf^ KS*>I n»a«y 1#> yl^O. 0 0 3/ 
dl + 0. 0 0 2O««fct, »**7lCiB*tf>¥ 

[M**9l ME-bttJM Kl©K*d 2|im*5J:K 
lW^Klroinmy2^ y2^0. 0 0 3/d 
2-0. 0 0 3©BW»fe«fci-. »**6MB««>*» 

[81**1 01 l»B±«HM KS<OK»d2Mm*5± 
t«±«^K|OInWly2^ y2£0. 00 3 
/ d 2 + 0 . 002 0M.**fcT« St** 9 ICE«CD 

[»**1 ll MBTtMM' Kioi nlWyhll 
ET&tf'f K»0>ES d 1 Mm, WE±»#W KB<& I 

y£0. 0 0 3/d-0. 0 0 3+ (0. 0 0 7 -0. 
2 2 xWa ) 

— t\ d = (d 1 + d 2) /2, 
y = ( y ixdl+y2xd2) / (dl + d2) , 
©^fcWfcl-Bl^e^EttwH^fru-lf*^. 
[If** 1 2 ] METtMM K»0 I n y K W 
BT&Btf'r Kloff$ dliim, fffiEiWtf'f KJ»<0 I 



nteffcy 2. «E±»*M K»»**d 2iim*J:T» 

y 2>0. 0 0 3/d + 0. 0 0 2+ (0. 0 0 7 -0. 
2 2 XWa) 

;:t, d = (d 1 + d 2) /2, 
y = ( y lXdl+y2Xd2) / (dl + d2) , 

[81**1 3] UdETttJlM Kl^I nlfttfy K M 
ET»#4 KJi©« d l , ®&TU* 7 v KSOA 1 
/0 ftftx 1* l»B-fc»#4 KiomMy 2, ttB±« 
14 KJi©»* d 2 t5j:t;ME±»^ ^ y KB^A 1 *a 

y ^0. 00 3/d-0. 0 0 3+ (-0. 0 1 0 + 
0. 1 0 x x) 

::t d= (d l + d 2) /2, 
y « (ylxdl+y2Xd2) / (dl + d2) > 
x= (x 1+x 2) /2, 

20 [M**14] ttBT*MMKl«>l n«U*y K B'l 
ETtt*" PJiOJM d 1 , «BT»* 7 y »©A 1 

^ KJi<Off$ d 2*5J:tf«lE±tt*7y KJi^Altt 
J&x 2#, 

y ^0. 0 0 3/d + 0. 0 0 2+ (-0. 0 1 0 + 
0. 1 0 X x) 

— -C\ d= (d 1 + d 2) /2, 
y = ( y !Xdl+y2Xd2) / (dl + d2) , 
x= (x 1 + x 2) /2, 

[it**i 5] »#*6icE*»***^-*** 



40 [0 00 1] 

Xm«ff£KftfciaU F F P (F a r Fie 

Id Pattern) *«Affft*»#^-» , Mt" 

[0 0 0 2] 

[**oa«l G a N, UN, AlN^mtl^ 
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(4) 

5 

7^7 *4 K=7r^7^38fLl84-Ll86.^ 
-•/(Maseru KURAMOTO et a 
1, : Jpn. J. Appl. Phys. vo 
1. 3 8 (1 9 9 9) pp. L184-L186) 

If 1 6 0 0£^1ia-Cfe6o HM»*u-*»^ 
1600te, n-GaN160li§ (If 100/ira) 
±|C X n -Alo.o?Gao.93NT«^7!/KJBl 602 
(BWlMin) , n-GaNTW Kll 6 0 3 (K 
J50. Urn), I no.2Gao.8N (BU?3 nm) /I 70 
no.05Gao.95N (R£5nm) -3fifi*#FfiH41 
1 60 4, p-Alo.i9Gao.iiN^t5'^il60 5 
(i|2 0nm) , p-GaN±»^KI1606 
0^/PO. 1/im) , p— Alo.07Gao.93 N±l$^ 7 
y Kiil 6 0 7 (1SJS0. 5/*m) , p-GaN^^ 
^M1 6 0 8 (^0 . 0 5yra) tfWUMMWrt* 

nr*59, r.*ubo±TW«*t^««i6 0 

9. 1 6 1 0**»*$ixX^5. l^-f^l 6 0 0t 
fi, S1411 6 0 4*3J:tf#'< Kll 6 0 3, 1 6 0 6 
^7yK§1 6 0 2, 1 6 0 7 tI«E*Jxfc*&*5§S: JO 

[0 0 0 3] 

[»WjW*fcLJ:5*1-6IUH L*Lft#&* ±Ett 
jfco^ft w-lFSi^ 1 6 0 0 KTfc»1"* ^ ft 

^31^1 6 0 oMttfc:^ Si 7 [zm-fXote 
FFP EU 
7 ©«$fittft«"Cfo 9 s fl&ffli 1 6 0 4 \zmW.VZO& 

7 0&$i&tes ^-ASME©ffi»*t«:^+. ft* 3 * 

«:IB«I!1UX*5 9. SMCFF P fcEttLT^ 

60 ***Wfc*V^ FFPfctt, U-tffcGMJn* 

■Cfofco Ell 7tf>^7t£*3V^ FFP 1 7 0 Is 1 
7 0 2 ±B«iSo***^— 1 60 0 

-c*>?k +20 0 tt>£i^;^-*#£fc-t^st5*\ 

y^H;, WfcioTttFFPl 7 0 lft>£9ttEft < 
TftMSih/Cl^fci&fcfca^ FFP1 7 0 2<Dj;5 
IC, ■WftfcWfcJlMb*. FFP 1 7 0 311 

±E i l fe *#^""** J f' 1 6 0 O^WfifciSV^C* n-A 
1 0. 07 G a 0. 93 NTSfl* 7 y Kl 1 6 0 2 oRJ¥ fc±E 
lMmd^O. 7 mn^bl^< lfci*OFFPt?fc 
9, ±2 0° ^(7)-9-7 f b'-^^S^#<fto*C^ 

[0 0 0 4] Ell 7i:FFPt UTBl^LftV^K S« 
t LTfflV^ftTV^G a Nil 6 0 1 0>l£*tfp|t&fe 




^2 0 0 1 -8 5 7 9 6 

(5 

u-if**&»*fctf>lc, |Si^teO'>ft^*5iJta>t$ 
S^GaNll 60 llCl^fc*, GaNll601O 
±2 0° WJy^ 
® 1 7 (^i3lt5 F FP1701£FFP17 

SfclC, TEAlGaN^^ Kll 6 0 2 O 

Tfcfc6GaNll6 0 1O«W#**VMS^ 9*7 

S«O**tt5 0Mm6il±i:*#V^«), S«ICGaN 
[0 00 5] :oJ:^, **«>*«fci:*ttf» FFP 

11 y ^/«ctut\ ftH^Jt-gN FFP^Sii 

0*5^ (1) T^7 7 Kll 6 0 2<D!J?£J?< 

(2) GaNll 6 0 lW^SfpR*:fi"F$* 
£ N (3) Ga Nil 6 0 1 0*ttW*fc«*S**, 
ov^i*ndMU:9»«*^<5, t**U ±12 (1) tL 
TGaNll 6 0 1±£A1 GaNTfU^f Kll 6 
0 2^f<Mnt> ^77^mt6fcW s fc 
60 ±E (2) tUGaNil 60 1« 

S£{&T£*£Sx *>av^tt±E (3) t LT^ftfeil;*: 
it*****. M$^^^Wl6 0 0O 

CD - (3) o^mwmft&h?)* 

[0 0 0 6] FFPCDy^t"^ *tTy^T 

»ftfl>JKB«-ft6<0^ »*L<ftv\ ±12 
BS£$$U *e > y^Ty^*^*61tr*lftBft 

[0 0 0 7] 

^te, GaNih AlxiGai-nN (0. 05^x1 
10 £0. 2) TB^yKli, In»iGai-»iN (0< 
y Kl) T»*-<.K1 (KSdl t" m l ) A 
1.1 I nbiGai-ii-biNi-.i-fi P.iAsfi (0^a 
1, O^bK al + bl^K OSeK OSf 1, 
ei + f 1<0. 5) ^FltAla2 I nb2Ga 
1 - a2 -b2Ni-2-f2P.2Asf2 (0^a2, 0^b2, a 
2 + b2£l, 0^e2, 0Sf2, e2+f2<0. 

5) HtBlfc^SSS*!***^***** «® Wa 
[11m] ) I ny2Gat-y 2 N (0<y 2<1) ±» 
^f-f Kl (BWd 2 [|*m] ) Ah2Gai-K2N 
50 (0. 05^x2^0. 2) tf^yKIL 
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7 

£ft**9t;:> fcTW** Kl*J:in*±«MM' Kl<o 
BU¥ t £ H9:& L T & * 1 1 £ ®& 1 1 6. 
[0 0 0 8] ♦aWoHMSfcu-if**^ Ga 

NS2:, AliiGai-iiN (0. OSSxlSO. 2) 
T»*9yKJlfc. I nyiGai-yiN (0<y 1<D 
T«MM Kl (RWd 1 Um]) i> Alti I nbi 
Gai-.i-biNi-.i-fi P.i Asn (OSaK OSb 
U il + bl^l, O^eK OSfl, el + fl 10 
<0. 5) #7*1 £ A 1.2 I nb2Gai-.2-blNt-.2-f2 
P«2Asf2 (0^82, 0Sb2, a2+b2^K 0 
£e 2, O^f 2 N e2+f 2<0. 5) femmt<D% 

s#i«»a*fcfcastti WWa tum] ) 2:, I 

ny2Gai- y2 N (0<y2<l) ±M#>( Kl WW d 
2 [Mm] ) Ali2Gai-x2N (0. 0 5Sx 2S 
0. 2) ±»^9yKi^ fcwOHWBfcfc***!' 

^-K*<ffiS*f*n.qfc, BGaNiOiWnsaiii 

*M Kl*5J:OW±*^'f K»^B!fffc*a««:RSU-C 

[0 0 0 9] IU±o*fifclcJ:9. ft*oft*<DM t *#l' 
ft*. 

[0 0 10] SfelC, G 
aNlh AhiGai-nN (0. 05SxlS0. 
2) W^yKl^ I nyiGai-yiN (0<y 1< 
1) Kl (J&^d 1 [urn] ) A l.i I 

nbiGai-.i-biNi-.i-fi P.iAsfi (O^ah OS 
bl, a 1 + b 1 SI, O^el, OSfU e 1 + f 
1<0. 5) #F12: A 1.2 I nb2Gai-«2-b2N 
i-.2-f2P.2Asf2 (0Sa2, 0Sb2, a2 + b2 
SK OSe 2 S OSf 2, e 2+f 2<0. 5) *S 
■ *0«£#l*»a»bfc58H*l (B&?Wa [m 
m] ) I ny2Gai-y2N- (0<y 2<l) ±«2M 
KS (B£J?d 2 [mib] ) fc, Alx2Gai-x2N (0. 
05Sx2S0. 2) JcMtJyYMb, Srw(Oieic« 

*±«#>f Kl*>«W2:tt#S:* 0. 0 6Sdl+d2 
SO. ld^O. 06SyK 0. 06Sy2, t>L< 
ft, 0. Kdl + d2S0. 15^00. 0 4Sy 
K 0. 0 4Sy2, t>L<tt, 0. 15<dl+d2 
SO. 2^00. 03SyK 0. 03Sy2. fct< 
tt, 0. 2<dl+d2S0. 3^00. 015Sy 
1, 0. 0 15Sy2, t>L<«\ 0. 3<dl+d2 
^oO. 0 1 Sy K 0. 0 1 Sy 2, 0Vvfjh,a>O« 

[00 11] ^^tt. G 

aNlK AluGai-KiN (0. 05SxlS0. 
2) W7yKIh UyiGai-yiN (0<y 1< 
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1) TWM Kl (R^d 1 Um]) Aluln 
biGai-.i-biNi-.i-fi P.i Asfi (OSaK OSb 
K a 1 + blSK OSe K OSf K el + fl 
<0. 5) #FS£ A 1.2 I nb2G a1-.2-b2N1-.2-f2 
P«2Asf2 (0Sa2, 0Sb2, a2 + b2SK 0 
Se 2, OSf 2, e2+f 2<0. 5) MMfcOg 
4S»ttl (RJ?Wa [Mm] ) t, I 
ny 2 Gai-y2N (0<y 2<1) ±«f<f Kg <RJ?d 
2 [Mm]) fc, Alx2Gai-x2N (0. 05Sx2S 
0. 2) ±W9yKlt, «rC©«l«c«*.fc*»*v 

1<DBIJ?2:*&&£, y^O. 0 0 3/d-0. 00 3 + 
(0. 0 0 7-0. 2 2 XWa) + (-0. 010 + 
0. lOXx) [fc«U d= (dl + d2) /2, y 
= ( y ixdl+y2xd2) / (d 1 + d 2) , x = 
(x l+x2) /2] «)«BlcR*Lrft6rt*r»» 
2:1"*, 

[0 0 12] JiBJBOWft^W^ 1 '^' 
#£L<tt, ylSbl-0. 08, y2Sbl-0. 
08*C£>!?, £<bt#£L<te> ylSbl-0. K 
y2Sbl-0. l^ttHlcfiRSfcitS. 
[0 0 1 3] *fc, ±B**W©*W#^-^»^I-^ 
^T, ff*L<li, yUO. OK y 2^0. OK 
ySO. 16-0. 6Xdtfo^ £bt#£L<fi, 
y U0. OK y2£0. OK ySO. 13-0. 
6Xd"Cfc5. *tff*U^««tbt, S<blC, yl 
£0. 02, y2£0. 02, dSO. 12 0«Sll:R 

[0014] ft*K Kl A 1 G a NTfflJ 

50 ^ 7 y Kl , 1 1^^^. A 1 fc 

6e*tt«v\ 2, 3, 4, 5i*o««^>«a^R^ 

6 I n G a NWRfcSVMiG a N»^0^1«l^$ h 

\z&&<Dnmt>* b «; 2> -c t> j: < , 

Kl© I n^y 1 2:1"*. ±»*^ Klttt, 

-l(0«*-Cfo6^5JttftV^ 2, 3. 4, 51^018 
40 RO»a*OR46 I nGaN»Bfc5V^GaN»BO 

ai«a^ * ^> ic#^<osRd>6 ft *«*^aii«Bfi^ 

*&f£&±»;*M KlO I ntttfy 2 2:^5. 

[0015] *»w<o***«f«Wft»li»i^ ffi^ia^ 

50 fcftSft*. 
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(6) 



^2 0 0 1 -8 5 7 9 6 



10 



10 



20 



10 0 16] SfclC, *«B©**#l/-H»*^ttGa 
NJ§£, AluGai-iiN (0. 05^x1^0. 2) 
TW9yKit» l nyiG ai-yiN (0<y 1< 1) 
TU# 4 h'Mts A lei I nbiGai-«i-biNi-«i-fiP 
• lAsfi (O^al, OSbl, a 1 + b 1 £ 1 , 0 £ 

el, O^fU el + f 1<0. 5) #FJI£:Al a 2 

I nb2 G a 1 -a2-b2 Nl-e2-f2 Pe2 A S f 2 (0^8 2, 0 

£b2, a2 + b2gl, 0£e2, O^f 2, e2 + 

f2<o. 5) mmmt<DX3.£Bm&frbtzzte&m 

ts I ny2G a i-y2 N (0<y 2<1) ±M$4 Kg 
fc, AhzGa^zN (0. 05^x2^0. 2) ±» 

TSMM KJiORgd 1 Mm, ttT«#<f KJB<0 I n*& 

KBOI n»Sy 2#0. 06^dl + d2 N 
0. Ol^yl, 0. 0 1 £y 20§§&£?pSfc1\ 

[0 0 17] fijET&tf'f KBoRld 1 Mm*5<fctfS£ 
TU$<< Klco I nMy yl^O. 003/d 
1-0. 0 0 30g§^$r^trt<tV\ 

[0 0 18] glETflMM Kl^fl^/Pd 1 iim*3J:tfK 
TWKI<7)In^yl^, yl^O. 0 0 3/d 

1 + 0. 0 0 2tD9Wk^1tLXi>X\f\ 
[0 0 19] ituE±&#^ KlOWd 2 /xmfcJi&i: 

WKiOInMy2^ y2^0. 0 0 3/d 2 
-0. 00 3<D09#£ffi*:L-C 1 kJ:^c 
[0 0 2 0] HtlE±&#^ KICOKJ? d2^m*5«t« 
±»#>f K*0>1 n*&jfty2#, y2^0. 0 0 3/d 

2 + 0. 0 0 2<£|§#,£iSrt:U"Ct>«fcV\ 
[0 0 2 1] WETtt^W KH0I nMyK HuET 

K1<0»S d 1 m m, WE±«^^ KS^ I n& 
$y2, WE±»^^ KJi©**d 2 M m*5J:lttilE8 
ttlOlJWBjiinft y^0, 00 3/d-0. 00 
3+ (0. 0 0 7-0. 2 2XWa) > ::t d = 
(dl + d2) /2, y= (ylXdl + y2Xd2) 
/ (dl + d 2) , (0l9«$:«^t-Ct<tV> o 
[0 0 2 2] WETtt*M K!*>I n*&J$y 1, IttET 
m<( Vmo&Z d 1 Mm, ffiE-b«#4 KlO I ntt* 

(2 k/A) = (2«/X) s i n9 

[0 0 2 8] Bi6i:vt**o«ft**»#^* 
^1 6 0 o<0*36fc*5t*-t, *77**I8fc*5tt6*«& 

E [x] -e x p [± j (2 */A) 
A = X/ (nGeN2-n.q 2 ) 0 5 

~ 1 Mm 

COAlCtO^Ciy y^ltlt, ±S£ (1) 
2 3° TNfetK Ell 7»wi3Jt6^^- ^teSirii^- 
^1"6o FFP1 7 0 3<D£.o tdTSB* 7 y KJ? 50 



*£y 2, SJE±W^-< K8<DJ¥<*d 2 m m*5J:tf*lE8 
ttI<OK$Waiira^, y^ 0. 0 0 3/d + 0. 00 
2+ (0. 0 0 7-0. 2 2 XWa) , d = 

(dl + d2) /2, y= (ylxdl+y2Xd2) 
/ (dl + d2) , OBB«€r*fcU-CbJ:V\ 
[0 0 2 3] HuETBtf'f KS<Dl n*&f£y 1, WET 
to* 4 KlO**d K WET»*9y K!*>Aiaa 
x 1 , SfjE-b&tf'l' KIO I n*&j£y 2, ME-btt#W 
KlOflfS d 2 *3 J:tfHtiE±fl5* 7 * KB<0A 1 tt*x 
2*5. y£0. 0 0 3/d-0. 0 0 3+ (-0. 0 1 

o + o. i oxx) , d= (d i + d 2) / 

2, y = (ylXdl+y2Xd2) / (dl+d 

2! , x= ui+x2) /2, h<omzmt.Lxh 

[0 0 2 4] WETttJM YM<Dl n&fifcy 1 . WIST 
to* 4 K1<DJS2 d 1 , 6HET&* 7 y KS^A 1 &f£ 
xl, (»E±«*-f Kl© I n*&£y2, ttE±«^>f 
KB*>»£ d 2 *5.fctf«lE±«* 7 V KlCOA 1 fc&l* x 
2#, y^0. 003/d + 0. 002+ (-0. 01 

o + o. i oxx) , ::t, d= (d i + d 2) / 

2, y = (ylXdl+y2Xd2) / (dl+d 
2) , x= (x 1 + x 2) /2, koWKrilfcL'C* 

[0 0 2 5] *»Wo*^*«W*K«»*-tElcE* 

-if b B W $ f ft fc*^ 4 * * 

^ ^ER^nfcW^^S^i-S. 
[0 02 6] 

[0 0 2 7] TE*-K-C«m-6 a HI#V/-f s »*K 

B*lfi]xW«J|L»*E [x] (2ir/X) ■ 

in6 l:Lfe7-9***-C*>*^ 



30 



(1) 

«d^GaNi<OlWneiJiH2. 5 4 0, 
-K©*«JH*r»n«qtt, 2. 5 1fc£«ke>ft, «to 

e [x] ttJi»A-c«»u-cv^5, ft^-e^-rt, KT 

<7?<t 9l-^6c 
[0 0 2 9] 

x] (2) 
(3) 

11 6 0 2£^<-t-5£±2 0 o MOtyf-^S 
****1-6^I4. Ga Nil 60 1 tf£®Ml 6 0 4 • 
^-TK1 1 6 0 3, 1 6 0 6 t^^* 5/ i N ^< h 
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11 



12 



\ZXQ* G a Nil 16 0 1 ^0>«#*>5Mfi#** < ft 

«rttffl U G a Nil 6 0 1 *>» 3 + 
|CttFFP#a»*ft*wfc#«WUt. wixtt, Ga 
Nil 6 0 1 ~<B«ff<0*M&#*'> Lfcfc&£* I/O* 

G a Nil 6 0 1 Ote4fiK«:(ST***: 5 , * 

Nl l 6 0 l 0*MM*** < **** * 

FP**i*#*^6wfc«r»Lrv^6t«)i:**.fe*tS. 
B±©*«**lW»»*^fe* »lc±2 0 - Wifit« 

11 6 0 2©^fll^fffti" ; &G a Nil 6 0 1 fc*5fr* 

[00301 GaNll601 fcJStt 0>Mkft*JK 
0-C£C5F F PW!i y^;u*rtt*W^*^*< 
fcfclCtt, ±»©#***6, G a Nl 16 0 1 K*5l*T 

(2) S0cia«t«explHfc»3««rl»i:i-6Cfc, 

G a Nil 6 0 1 lJL*3tte>«*E [x] #x#|fOfc** 
ft*3, GaNlfc 

fttfcS*. *M Kl«r««<0ttJS • I nyG a 

i-,n (o<y<i) fttitis we«wt«rav> 

[ 0 0 3 1 ] B 1 tt. MWO^^-fS^ 1 0 0 

0 Otts n-GaNS^lOl USE 
3 0-300 nm) ±1-, *0±lcWft, n-GaNt 
IQSl 0 2 (B&J90 — 3 0 Mm) , n-AlxiGai-xi 
N (0. 05^x1^0. 2) T«^9yKH0 3 
(HV0. 5 um^l 0 Mm) , n - I n»i G a i-yi N 
Eg=Eg 1 [s] =3. 4 2 



10 



20 



30 



(0<y Kb 1) Tfttf'T Kl 1 0 4 CW*d 1 [n 
m] K I nbiGai-biN (0<b Kl) #F»fc I 
nb 2Gai-b2N (0^b 2<b 1) KSSt<OSeS#S 
iS^ftSSMlOS (««*3 7 0-500n 
m, ««» 5-60nm) , AlGaN^^HO 
6 (RJ50-2 Onra) , p - I n y 2G ai-y2N (0< 
y 2<b 1) Kll 0 7 (B8¥d 2 [m 

m] ) s p-Al*iGai-iiN (0. 05^x2^0. 
2) ±»^9yKll08 (flSSO. 
m) , p-GaN3^nil0 9O«tft»*»« 

{M#»JtSivo*a. *6>fc. P-GaN^^n 
li0 9o±®;cti, &JiimiS («^.tf, Pd/Au, 

Ni/Pd/Au, Pd/Pt/Au*) llOOTfc* 
**VC*5!K n-GaNSMilC^Itli 

Ti/AK Zr/AK Hf/Alftif) 
1 1 l#«jS3*VO*6. ::t(4, n-GaNgfcl 
0Un-GaNtMil02«:«N:T, GaNlt^ 

[0 0 3 2] OOK^t, 
W KSl 0 4»XV±3MM Kll 0 7<Dfi^J:^ 
K*tt, $8«*-K0>n«q* $ * GaNiOlWnG.N 

So 

[0 0 3 3] *MBJffl*r*n.qtt, ^7^»*Bl^«t5 

^1 1 9 6-1 2 0 3^-^ (M. J • Bergman 
n and H. C. Casey, Jr. :App 
1. Phy s. vol. 8 4 (1 9 9 8) pp. 1 
1 9 6- 1 2 0 3) *r#!R1-6Cfc#-Ct*. « 

m] fc*5lt6#»»^ia*r*n^ tt - ^TO«t^lw. * 
fc<bft*o «8«*ltt3 0 0^8 0 0 nm«)«fflit 

[0 0 3 4] *1\ Wfi^^^Eg CeV] # 

[0 0 3 5] ImGai-tN (O^s^l) 



(1 - s) +2. 6 5 s -3. 9 4s (1 - s 



) (4) 

AltGai-tN (O^t^l) IcWLTtt, 
Eg=Eg 2 [t] =3. 4 2 (1 - t) +6. 
) (5) 

I n * A 1 1 G a i-i-t N (0<s<K 0<t<l> 
Eg - (sXEgl [s+t]+tXEg2 [s + t] } / (s+t) 

) 

±|S (4) ~ (6) KlcfcO, JSflr^n (p U] ) ^ 

p U] =1/ [l/A- (Eg- 3. 4 2) /l 2 3 9. 8 5 2] 



2 t- 1- 0 5 7 t (1- t 



(6 
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p U] > 3 6 0. 7<Dt%, 
n.q (p Ul ) = [4. 366 
(7) 

p [X] £ 3 6 0. 7<D£§\ 

n.q (p U] ) =c 0 + c 1 X 
8) 

q = p [^] -360 
c 0= 2.718 
cl= 9. 9 7 6 e-3 
c2= 3. 0 0 5 e -4 
c 3= 4. 5 8 4 e-6 
c4= 2. 5 9 6 e-8 

[0036] vmmzm&irbtmz&^Xs #f 

lit) fcx+rt'*— y^«)'h*V^|ft(t«>*»#A»fe 

-C*>ST«2M KBl 0 4A»b±»*W KS1 07^t 
(51*0. 4/xm^T) fclfc*l/Ca»fc0**V* 

It, *»LT*V\ + StS-Cfo^llOiro 

^«^J:0, *jt*«>W»-*5^5 I nGaNTW 
KI104, I n G a N -LtttfW KB 1 0 7 (DBSJP • & 

[0 0 3 7] £A±O^W^J:0, fe^LT, 
0. 06^dl + d2 v 0. OlSyK 0. Ol^y 



74 



3 8 0 1 + pV (p 2 - 2 9 5. 92) ] 



0. 5 



*(t«i-tt, o. o6^di + d2^o. iro» 

0. 0 6£yl> 0. 06£y2 % 0. Kd 
l + d2£0. 1 5(D^\Z\t, 0. 0 4£yl« 0. 
04£y2, 0. 15<dl + d2£0. 2<D%<&\Z. 
tt, 0. 03^yl, 0. 0 3 £ y 2 , 0. 2 < d 1 + 
d2£0. 3 <DWt&\Z.\* s 0. 015Syl, 0. 01 
5£y2, 0. 3<d 1 + d 2 CDj&^Ktt, 0. 0 1^ 
y K 0. 0 l^y 2-Cfc5c 
[0 0 3 8] T«MM Kll 0 4fctt, A 1 G 

a 7yKH03t 1 0 5 t IC#£*U 

1,-lO»*-e*>6!K*tt*V\ 2, 3, 4, Sl^cO 
I n G a N»Hk6VM;tG a NMK 

l^lM^W^ K1104OI n&j£y 1 £ 
t*U* *V\ ±-W<< KB 1 0 7 1 11, A 1 G a 



q + c2Xq24-c3Xq3 + c4Xq< ( 



N±myy KB l 0 3 2:, S*4B l 0 5£o(8]lc»£ 
ft*:, Al *ttA5c*2: LT**ftHi*r«*U &1* 
70 Lt-BO**-Cfe6£«tt4VS 2, 3, 4, 5B$ 
<D&»ro&f£<D&ft * I n G a NS»fe*^M:G a N» 

SlBfll^-CfooT 1 bJ:<> #£RoBS&J?"Ci)0 
K110 7OI n&fifcy 2 

■Mxtf 

[0 0 3 9] *ftftfr*fc-rtBB-C, 
1 0 0 t fc * w H 1 7 (C^i? 

tvovfcU y^/w^BHIcftbftv^a* (1 0%^T) 

[0 04 0] [**ro*iB i ] ® i J- 

«*H^i-**#V/-1fKf-7-l OOO^lOlf • IB. 
lS&«TroJ:3lc«jSLfc. n-GaNStel01 (R 
|100/ira) , n-Ga N+WBl 0 2 (B£J?3m 
m) , n-AlxiGai-xiN (xl = 0. l) Ttt* 7 
y KB 1 0 3 (RJ?0. 8m m), n — I nyi G a i-yi 
N (y 1 = 0. 0 3 5) TWM KB 1 0 4 (RgO. 
l„m), I nbiGai-biN (b lttftO. 17) #F 
B (IW2 nm) , I nbzGai-bzN (b 2 = 0. 0 
30 5) KfiB (If4nm) fcO«£#B*5t (»SB/ 
#pjg/. . . /#FB/»£B) a><bft*5fifi*# 
FMl 0 5 (»***4 1 Onm, W3 4n 
m) . A 1 z G a l-z N (z = 0. 2) ^^1106 
(BWl8nxn) % p — I ny2G a 1-yzN (y2 = 0. 
0 3 5) iJMW KB 1 0 7 (IfO. 1 ixm) , p- 
Alx2Gai-«2N (x2 = 0. l)±W»yKilO 
8 (RSO. 5Mm) , p-GaN^^n§109 

[0 0 4 1] 100^ 

ivj* (3%KT) , ftffftftWtttt^fe^-t** 

0, 8 0lCfc*iv^t«HMiHff*«lWCtfc. 
[0 0 4 2] JfctWUfcUt, *Wfco»»cJ:5*«* 

U-^x i 0 0 <D$4 KB 1 0 4 , 1 0 7 CD I n G a 

ICG a N$^ffiV^fc^*W-^^ 1 ^r^L.^t Z.h. 
ZOU—tfm+iZ, El 7COFFP 1 7 0 2 £IrU$cd, 
50 !)y^OWFFP«ttt*l/fc. CO«t?lC, *» 




(9) 
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16 



[0 0 4 3] * Jt*0»»^2|feW* U—f *^ 1 0 0 <D 

^5, n.q=2. 5 4 GaNlWiPn 
6.n=2. 5 4 0ct0 1 b^t^ofc o C^J:!?, n- 
GaNllfilOK n-GaN«102, p-Ga 

N^^niio 9 ft<o&to&##&<te 

[0 0 4 4] fclC, **j»0*ttO^»*Ur-1f*^l 
0 0O«3g*^. InyiGai-yiNTW KI10 4 
fccttf I n,iGa wiNiaWM KM 1 0 7 <D I nUfi 
y IteXXfy 2t, ^ixb^ifd 1 [<im] , d 2 

[Mm] LT, W^f iSrlfS Ltfe 

*r«l»ft+61tt^ ^Kll 04, 10 7<DIn*& 

dl = d2fcfc*J:5fc*ritLfc. H3fc:*$ft*#>f 
KMH 0 1 0 7<DiP£ (d l = d 

2) t?*>5. [21 3 tC^^iX^> <t 9 t-. KM® I n*£ 

5tf^T KJBffSrO. 0 2 5-0. 
«JB*f*©*»iG a N<0JiSr*2. 5 4 0&«;tfci\, 
KM® I nHrtfr0d»b0. 0 9^fcWfc6*5» 
fcSVMi, KM«r*to3*6»if* HSKSWffiE 
U KM*#0. 1 5/im^l:ii 
Intt&ttttO. 016JSU:, ^KIWO. Um 
WifrfrKti:* I nfeftttttO. 0 2 8£Ui. *W KMM 
#0. 0 5Mm«)ll*l:ifc I nMi^O. 0 5 7& 
±-C*«JB*f*©*lrtGaNOJB»f*2. 5 4 0£&* 
<5o KM»# 0. 0 2 5m mOi^ V*f Ji,© I n 
lfijjc"CtK ««B»»©tt#GaN©JB*T»2. 54 0 

fc«*.fcv\ ±&toj;?u:, T»#>f KM10 

4£te, AlGaNW7yKI103^ gttll 
0 5 t fcfctfcfcA 1 *«&7C*i t LT«ftV*M** 
*U «TLt>-l«Hlia-CfcS«*tt4V\ 2,3, 
4, 5S*O«»<0*a«OS4$ I nGa N»Hfc*V> 
ttG a NftKOflUMRt** 6>IC«R«>JWl*»b46« 

•CJD*3P6Lfca*SrT»^-< KM 1 0 40)1 nfclfcy 
lt+-*itfJ:V\ rocirte, Jtil©»»2 4v^L9lc 

0 7ttt, AlGaN±W5yKH08h ft&M 

1 o 5 a i zm&Ttmt l-c**4v*m 

2, 3, 4, 5MO**^tt*«*45InGiN» 
§lfc*V>ttG a N»BSI<OfcSfc£*£ 



nil&Jfcy 2 fci-ivtfJ:v\ cocili, JMfc*)»fc2 4 
v*L9lc*3V*TbH&J:5£Sffl3ft'$< 
[0 0 4 5] ^KI1 0 4, 1 0 7©I?£*3«fclM n 
• flUfttf* (i-4*>*>, d 1 = d 2 , yl = y2) » 
^(c, «flifi9f*neq fcG a Ntf>JB*r¥nGaii fcWf t 

4i:^U •■Att»****!>fea»fc»*. fit 

/0 Ali, yl=0. 0 0 3/dl-0. 0 0 3-C£&-C# 
So MlA±©tM (ife&ASr^O) , ifift* 
ftiCyl^O. 003/dl-0. 0 0 3$r^fctlii 
T\ ^fiBEtfr^nepteGa Ntf>®#r¥nsiNJ^± (n«q 
^ne.N) £fi*<OG a Nl 1 0 1 , 10 21: 

-C#6. B«fc* y2£0. 0 0 3/d2-0. 

0 0 ZZmiti-^fC. *iBJH»r*n.attG a N©H» 
*netii£U: (n.q^nsaN) Kfc!), fi»&**W4«: 

20 [0 0 4 6] 4*5, H3*5*tfia4TWftlMS*li* « 
lfrffc0>fc«>fc±T*> I n G a N*M KM 1 0 4 , 10 7 
3*5*1*1 nil****. +4*>%, dl=d2, 
y l= y 2Ht LA»U wJlf±#»*"C*>o-Ct± 
<, ±T#^ KM©¥*&*3* i"4t>*> (d 

l + d 2) /2 = d£, #W KM**#*.*U** 0 3*5 

Kl^^^fi^^ 1-**>*> (y l x d 1 + y 
2Xd2) / (dl + d2) =y$r^ I 

H3*5j:r5®4 0B8«tt*«>**^^ 

fo^?)^:#<^^^, fittM^*«ta*l-»»»* 
RI^cd-C, fcS^ffilS^^^^o RMftfctt, y 1 t 
y 2^iit -0. 05^yl-y2^0. 0 5 SrfiS 
fci-cfcA^5f-C*>D, Wc»*L<li, -0. 03^ 
yl- y 2^0. 0 3 dli:d2^co 
Jttt, RMttfctt, 0. 33^dl/d2^3«fct 
Cfc#*«-C*9, #lCff*L<f±, 0. 5 6£dl/ 
d 2 ^ 1 . 8 $r8Sfc1" 0 

[0 0 4 7] £<bt> ftj»A-C^$tv5*#.Sr«fei-a 

tCifiV>^#, ^J^«> d = 0. 1 [Mm] *>o, y = 
0. 0 3O«*^ d = 0. 0 7 [mhi] d>o, y = 
0. 0 4 5Ot*»i:tt, ^1" tt>^±»-FFP^y y 

FFPOO 0 (jEffi^ifi) fclMM*!J y^A'tftt 
tU^^W^^^i. -*Vtt> InGa 

N<ots***-ctt. #»mirbt>h* 
50 M*«ftfftxv^toklt»**t5. 




(10) 

17 

^, y£0. 00 3/d + 0. 0 0 2«tt©ltfo 

[0048] &&tj:it*ft&znz>-k*><»* uvmi 

04, i0 7Ollfl*y, WPdtt. B4 0ft»A«r*tf 

b, yl^bl-0. 08, y 2^b 1-0. 0 8f^ 
rt*i«4bftv^fc^ j»»t«Wtfc. *S«^tS 
lC*5^T, blft'ttO. I7tfo6i^> I nW(i^ 
0. 0 9J:9/WVCt#B*U\ InlUStfO. 0 
9Tfe6*i<££l2 4lciE»Bi: It^t. IlD»BJ;*>T 

-f KSOI n ^FI^lnMCifi 

^<£, ^yroBt^+^jKft?), »«» 

fc 0 £blc, (ffSUtt, yl^bl-0. K y2^ 20 
bl-0. XZffitiL (EUtDiti&B' J:0T«©«* 

ft, 5 0t-Cl 0 00W±^* J »ft^^«t^ 
Kfcofco SfcSbMtt, ^Kil 0 4, 1 0 7(0 1 

*3b, yl<b2, y 2<b2tfc5:H 5 i 1 b^tl 

7 ot-?i o o oi$f^±<a?$ift#fi{&£ft*<fc5 

d&ofc, iOAlcHLTEfc^MfcBttfcfc*^ 3/ 
[0 0 4 9] **V*I n*&fS<02H' HJifcJKJE 

SEHSft*::*^ HI 6 BH* 
IMfflHS* j: tJ**»tt»ci»»SrR«+ *> <*> i ** * 

iK±©*6*«!>»*. y^o« i6-o. 6xdtf>asii 

fciflfctftf (■4fc*ftn6KHCOfeT«IO««) * 
ft#fc I n G a NBa)***^*** 9 , R 9 

o. o o i-i o%<oi£ia-e, 1 2 5 

d B/H iBTO«» 8»^^*>^ 1<D|S 
ffl-C^fc-Ci 0 0 0 oi*IBK±o*Ad**«*ix5J:9 
fcfcofc. £»9#*L<tt. y^0. 13-0. 6xd 

, R ^ 0 • ooi-io %<o«Ht\ 
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MHUTtf- 1 3 0 d B/HzKTWfi*t*«Bf1p^ 

1 0 0 0 OWIB^iW******** 1 ** 51 ^* 0 ^ 
[0 0 5 0] £biC D9«**9*<»SO*W 
u-if**fc»6*A*bri, *M HBWdtty 1 ^ 
0. 02, y2^0. 0 2^Mlt, 0. 1 2 ji 

*i»*U-1f*^i#tt**#«^JBV^©LA»»bnft 
L*>U d£0. l 2 05«ffilcRjri-*;LfC* 

U>«l(y^0. 0 0 3/d + 0. 0 0 2, yl£b 
1-0. 1, y2^bl-0. 1, yl<b2, y2< 

b2, d^o. 12, b 1=0. nfcm 

2 = 0. 0 5) «rH4l-fl» - C*i". 
[0 0 5 1 ] i«)AlcBLTE«©lflK*rW*&^* 
(I, 2 ftV^L 9 t?ttE«tt«»1"* 

[0 0 5 2] SbK, ^iOM^iilt, ^» 
M3 8 0-4 3 0nra (2 0t) (Dfcffli: ± 

& <D Hffi3;ttK b fe o fc„ 
[0 0 5 3] [HftO^IS 2 ] H 5 

!f*^-5 0 0*:*i-. JMOIiwaill©***^"" 
tm5 0 0lt *|fiO»«l«C*5W6*»ffl— 
flOO Wfl&i4S 1 0 5 «rStt« 5 0 5 KgM Lfc&£ 

t^wWl o o ^cm^tt^ * 

0 5 I nbiGai-biN (b lfiftO. 17) 

#FS (j&j?2nni) , Inb2Gai-b2N (b2 = 0. 
0 5) KSfl (^i¥4 nra) kG>jSE#JMHt (MM 
/#PI/IHI/#P«/»«i) *b46 2«»* 
(**K*4 1 0 nm, »K*1 6 nm) t? 

iSttl 5 0 5H ^ffi^ffi 1 *>***v'--tf** i 0 0 
ofiftUi i o 5 fc^Stt^iSW^**^* 

[0 0 54] 

u-^^sooKL^-t, aaic*>it5*a««tt2 
[0055] tte^Jt tr, #*tt<0««*rai:*S0> 

tFtR-T- 5 0 0WI nG a Nd>b^6^^T K® 
5 0 5 i:LX, «*©a»OJ:itGBN«:)SV^*» 
50 »u-tf***fl*bfcfcw*, BB17OFFP17 0 
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[0 0 5 6) C^i^lc, *JMSO»«liJ:ntf, 

[0 0 5 7) * Ml* 

n.a=2. 54 3*CfcD, GaNi^W 
n6aN =2. 54 0£?> 1 b*:ta>o7i: 0 w*UCfc!K n 
-GaNSSlOl, n-GaNTOl02, p-G 
aN3^nil09WtWftfiicPi<^ 10 

[0 0 5 81 £<b(C, *Kttt0^tt<oaE*«l2:L-C, & 
ttlO**^, I nbiGai-biN (b lttlfijO. 17) 
#FJ§ (P2nm), 1 nt2Gai-b2N (b 2 = 0. 
0 5) RSI (Ii4nra) i: W«S#Ji«5g (RSI 
/#FB/- • -/tfFB/MtB) A^^oSlif 

#F?£*£J1 (**tt*4 1 0 nnu ttW2 2nm) 

Mlfeiv Aff4j»lt»ttl:tt6wi*«WWtfc. ft 

B8<gte4 OmA-Cfcr). 1 0 0 t^fc^T 

eq =2. 5 4 GaNiOlWneaH=2. 
54 0i0t**^ofco C*U::<fc9, n-GaNSfe 
10K n-GaNTOl02, p-GaN^^ 
M 1 0 9*tro|#0«i*^«< ft 5 , *oT\ 

[0 0 5 91 *WSW»«0*W*W-*»^5 
0 0O*56*»b> SttB 5 0 5 eD*S«\ *<0»IK»«r 
«*KJEU fc»ttB5 0 5G>K»fc#U"C* ««iB$r 
*iuq4»#G a NOB*r*naaii*:«x.5 t 
KllnWtytlWU ^Lfc^7fcH6Ki*i-. 
H6fcJ:*U*s M5 0 5Oif^l0H50nm 
©ttffl-C* «MBJB*f*n M Oit3&«GaNOH*r»n8iii 
fc«*5*5K+*fe*«>*^ KB 5 0 4, 5 0 7©* 
ttttH*<D««i 1 o 0 (SttJI* 

93 4nm) -«W!Ufc2«f-f Klfcl*fcA/?*fc€>ftV^ - 
Wftt>*K *tt»fcl©#>f 0 1 0 7OI 

n*&$tt0. 0 3 5-Cfc««>lC»U ■6*»b**t)b*t 
K15 04, 5 0 7<D I nfc&J&tt> M50 5 
©■W#5*-6 0nm©«fflre0. 0 3 5±0. 00 5 
^-Cfc6) Cfc**>*»6. Stti5 0 5© 

KVtfWvMS? I n«asRy€r^€?<»*i"5!6:** J *>5 

^KlOlnlUO. 0 3 51C+0. 0 0 5*£<1-fc 
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hXMnMlltolM KB© I n»J$0. 0 3 5d^I 
nMiio. 0 0 5«*/h*<XtJ:v^*rrt-Cfc9, * 
ffl ±*§fi££ w o wow* T*« I- =» > b D - > v + * - 1 

tWLfc*#fc«^5 0 5©BWl 0-50nra^ 

-60nra(Oi:f, H4©(hlllA-C#**b6»fl s fc*tt 
ilfWa [/xm] fc*S«jE*rfli*.-C* y£0. 0 0 
3/d-0. 0 0 3+ (0. 0 0 7-0. 2 2 XWa) 

(§!4 0*»A , T^$^6*i4 : {C^tel^i?Wa 
Urn] lcJ:5ttjESr»0x-C, y^0. 0 0 3/d-f 
0. 00 2+ (0. 0 0 7-0. 2 2XWa) k+tlft 

[0 0 6 01 ft*. 3 ftteB©^ 

»3&«I«WB-C*>6 tt. KRSi/#FB/- • •/ 
#F1/I® SI >*>#$) , 

m?hV. &*&#T*mxhZ>kZ K«B/#FB 
#FB-e«>6fc*, «#FB/teS8/ • • • 

»Wa4:L"CJ:<, v^*t©«*^^rt, **«© 

[0 0 6 11 ^i4Bo*afi£S:8ISU-C, «*« 

M3 8 0-4 4 0 nm (2 0t) ©ttffl * l/C t> * ± 

3*o|»«5£tt«fr&ft*^fc« 
[0 0 6 21 3) B7«c*3WS©»IB<0* 

50 WfrW-1f 7 0 0 ^^tc 

^ 1 0 0 0±T©* 77KH 0 3, 1 0 8 0*&^*5 

»*l/-f*^7 OOWSH4B7 0 5 I nbi 
Gai-biN (blttlSO. 17)#FJ§ «W2n 
m) , I nbiGai-biN (b2 = 0. 0 5) »SB (K 
|4nm) OUtm/^M/ • • • 

/#FB/*SB) *^44 3i*^#PSttl (»* 
^0 M4 1 0 nm, 11*2 2 nm) 

•fc^ftS***^' S 8 *^ 7 0 0 ©**b«t«>* 7 y 
KB»«J*tt. n-Al«iGai-nN (xl = 0. 1 
3) TU^^V KB 7 0 3 (RJP0. 8 Mm) * P" A 
l.tGai-nN (x2 = 0. 13) ±B^yKl7 0 
8 (KV0. Sum) -Cfo6o 

[ 0 0 6 3 1 U-^^^F 7 0 0 CO 

yy^WatA/lfJlbtlft^ (3%»T) ^7r^ 
50 A^»fc*t. fcffftJkltWtt^feJtS-i* 1 *!"^ 
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1t. ft*. *»SO»»«) ! N»*l'— y»*7 0 0K« 
Ht, Sfitl*il+ $38*81*1* 2 5mA-Cfc»), 110 

[0 0 6 41 fcfttfltL'C^ *2a6<7>JBt§i:iaD*j£w 
!f35rF-©> nGaNM'iiW KS 1 0 

UiiC^ 01 7CFFP1 7 02fc|3tR«?» 

licihtf. *¥#&roi£#*ftfc¥iefci'-iF**7 10 
0 OfcfcSwitfTtfc. 

[0 0 6 5J I'- - f** 7 0 oro 
jgg*- KoSf ffiS^ n»i £±iE*£l-<t 9 &**> ° 
n.,= 2. 5 4 8-efo9, GaNlWlfff 
ne.N=2. 5 4 0 <t 9 t>***»ofc. n 
-GeNWTOl, n-GaN4"rai7 0 2, p-G 
aN3 y^ hJi7 0 9$xro®IK>*KifiSc#a s &<ft 
9. tot. ftfffcJBMHfcjMI&iufcfcai:**-**'' 

[0 0 6 61 SfeC, ***©»*fci3tt*±T«>*9 20 
yK*7 0 3. 7 0 8ro*^5r- **t€iV n-Alu 
Ga ,-.,N (x 1=0. 0 7) TfHS* 9 y K! 7 0 3 
.(KfO. 8Mm) , p-Al«2Gai-«2N (x2 = 
0. 0 7) ±Ut7y KS7 0 8 (EHJPIO . 5(.ra) t 
Lfcfcw*>, 0 2IC*L.fcSllSK>^«l»**#V'— 
«fl 0 0fclW*£¥*^ f S'7'^*MifcA/ifab^ 
ftV> (5%£XT) FFPyo7r^'Hl 5 #?)*l'- 

■r*^lC*5V^X, *fifc#ttS36«BI*l*7 0roA-Cfc 
ofc. i©**^-***? 0 0«J***-K©** 30 
a$r$£-btE*8xl-.fc9 mtofcilo, n.q=2. 
5 4 2T?fo9GaNlCDS*f*n6«N=2. 5 4 0 <fc t) 
:H-lit9. n-GaNSfilOl, n 
-GaNfWll 02. p-GaN=^nil09 
^TroS#©*»&#a s &<ft^ t^t, U.#ft»at 

[0 0 6 7] fcC. *H16»«S8<0^*#W'-9 ! * ; f-7 
0 0 ±T»^yKi»i^ -t^fflJfc 

£«*g!ELT. 1T©?5? K»7 0 3, 7 0 8<DA 
lMI^Mtt, <ffiSJBSr$n««©*#G a NOfflUrS 5 40 
namSrffl^.Stt^'f KS I nffifiSEy £B+#bfcl£ 

«?xl=x2fcLfc. H8CJ:*ttf. 9 7vYm<nh 
l«afii£* s 0. 0 5 5A^0. l 4 5»EIt, m%m 
«n.Q<D** J G a N»®*T$n6«H5rSx.5> ± 1 5> 
tlliXDlM KS 7 0 4 , 7 0 7 ©£#l±? 7 y Kl 1 0 
3, 1 0 8©AliH(iW 5 0. (**<&»* lft 

p>o : ic2<7)®-g-) ti3:J:A/i?£fc><bft^ (i'fttofc, £ 
IHH|iiaW't#'fKli0 4, i 0 7(0 1 n*&fi£ti 

0 0 3 51?fc5Oi:»U ^K|V 0 4. 7 0 7ffl SO 
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in*aE!ci4o. o35±o. oosart) Cfctffc** 

j^yfc*t<3»)rf*&£a 5 *>** 5 < 9?yYm*>K 
li£i£0. 1 4 5©®£-Cfc&J6<^$ll-'r:l'fc* ft 

KS©I nUfSO. 0 3 5) KIn*&l££+0. 
0 0 5*£<t*£9fa s fc2>£tt?*>^ 
KSOA 1 ffljS#/h*VM5ti?I n»j£#'h*<"Cl><fc v ' 
^7 5- KB©A1*U£0. 0 5 5»*#"Ct>**» 
BtBltvLfcftffA'felniB** 10 - 0 0.6 WE** 

|c*Lfc****?>KJMMJ0. 0 5 5i'b0. 14 
50«H-ca«L-CtJ:v\ ft*. B8-eii, ±T©* 

liC<0»^lw|gf,^5t»-CI4ft<. B8tr#»-«UI 
H&iM:*5C, ^7yK8WAiaW ! 0. 0 5 5z>> 

fc6i»6. ±TO#5?K|703, 7 0 7OWt: 
©SEHfiT-ffitlcSES Lt t av\ 
[0 0 6 81 *fc, *0l»*Ktt» ^7 KS®A1» 
*x#, 0. 05Sx£0. 2©£#, ®4©«^AT? 

JtT. y£0. 0 0 3/d-0. 0 0 3+ (-0. 0 1 
0 + 0. lOXx) ftMiX^tifi. ®8»><b#*> 

£9, *?£ U**ffi#. H4fflli»A' -C^**vS3:<* 

0. 00 3/d + 0. 002+ (-0. 0 1 0 + 0. 1 
OXx) fci-lxtfJlV^t^ B84»b*ft«>tt6. - 
JlfeOSCWBVVC, ±T»* 7 -7 KS<OA 1 
SaWttt, *©*«¥** (xl+x2)/2£xi 

[0 06 91 *bt, AlGaN?57KI»i)««:fi 
*»*46V»< o*>»»iA 1 G a N©£E»B»»<bft 

tfx ^.-KdliBSSLftv^-C, ^©SEEaBISw^ 
»a««:±IB^7y KieMIt*!' x2iLXJ:ti 

[0 0 7 0] *bli. *5s»KH©*****-**W* 
'frofci:^^. T»^9yK»7 0 3«c|8UX, BW 
0. 6(.m£U:-CWltt» ±ao*frfe*I1-6«»tt 
<ti»»ofc. ±W5?KI7 08CBtt, 
0. S/imSLk-efcifctf, ±Jfi©*ft«r*Ki-**W« 4 

[oo7i] *e>t, s<tl7 0 5©»a^psux, 

8*«*t3 8 0~440nm (2 0t) ©ftffliLX 
fc, ±i6<DBa«Kli^i3bftd>ofc. 
[0 0 7 2] 4 1 ■^*^ ,± ^ 

nmnmm 1 if*^ i o o o*»«-e«> 
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0 0 • «afi£Srft»t<ot LK.h<r>-C 
fcS. n-GaNS«9 0 1 (B$U?7 0<im) ©±ICn 
-GaN»ltSlI90 2 m®4 vm) , n-In« 
Gai-cN (c = 0. 07) S52*|8J19 1 2 (K* 
0. 05»im) . n-A l.iGai-»iN (xl = 0. 
1 ) 7 V KB 9 0 3 (BSf?0 . 7 m m) , n - I 
n„Ga,-„N (y 1 = 0. 0 3 5) Tffl!2MK190 
4 (K)?0. ljim) , ItibiGai-biN (bltttf) 
0. 1 7) #F1 (RJ?2nra) , InbiGai-bjN /O 

(1,2 = 0. 0 5) MM «H4nm) fc©«E*B 

mm mmm/^m/ • • ■ /x^m/mm) *b 

ft*5S£?#F«<<y§9 0 5 «»«4 10nm, 
&B8?34nra) , p-Al:Gai-zN (z = 0. 2) 
Tas*-Vy7"l9 0 6 (lfl8nm) , p-In»jG 
at-.lN (y 2 = 0. 0 3 5) K19 0 7 (R 

gO. lum), p-AlziGai-nN (z 1 = 0. 
2) ±St*+y/I9 1 3 (RJ? 5 n n>) , P"Al«i 
Ga.-xsN (x2 = 0. 1) ±«*5?KI9 0 8 (IS 
JfO. S^m) , p-G«N3^ M909 (K* 20 

o. lum) *m*sw»»«s^^*. 

fctS^Ttt, TtttJy KI903OTKn-l ncG 
a ,. c NS2«fWS9 l 2*Mt-3£S*vt*3!K Cftl4, 

14, ±fflS#<i' Kl©±ICp-AlnGai-2iN (z 1 = 
0. 2) J:»**y719 13iWHS3*vC*»!K ift 

[0 0 7 3] *WHO»llO*»# 9O0B 
fl|fS;tc*5V^, FFP«Lfci^^ H2©J:5C 
l|U*ro7 , n7T'i'/H& J ft l b*V y 2/7*/l'ttlSiA/ifftt> 

9, 8 0'CIC*3V^-Cta^*®»^ 5 ?*5S'Ctfc. 
[0 0 7 4] fctSttajiL-t, #S*fe<£>JB1§i:I^C*®» 
^{fc^—if 38^-9 OOroi nG a PfrbttbHJ KB 
9 0 4, 9 0 7lca*Oft«»J:?l-Ga NSrfflV^ 

7(DFFP1 7 40 
0 2fcW«»cy5'7 , ;vrofc5FFPim«r*Ufc. L-fc 
iSo-C, 

fcu— if 3**9 o ofcfts:: 2: 
[0 0 7 5] **«©»«ro***«'-!' , « ; f- 9 0 oro 

fci - >?>. n.«= 2. 5 4 7-CfcO. CWipIC, n- 

1 ncGai-cNS2«PlB]S9 1 2«r*77 K1©*«5K 
tf« U<tv^H«5©JB16 1 <D*»(*:w— 1 0 0 <0» 

K19 0 3. 9 0 8 it) fcrt*<0t*»tfc.t0»tftfcS4 50 
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fev»fc»-Cfc0, HJ6<OJg16l4v^3lc*Lfc*ffiB 
»f¥n.,(Oe*SG a N<Dffiff$*»S*.5fc#li*£« (7? 
^ffiWi^lC^^f^iSrWltt^fcKxOi (InGaN 
-C«fi£$h,6UP0. KimETF) fc*Al/Ct>*t>fe«t 
6»ofc. Sfcfc, «?ffiB$r$n.(.a j p-AiiiGai-ii 
N(zl = 0. 2) ±W*+y7*S9 13«rJ:«WMK 
19 0 7 t±ffl*7yK§9 0 8 k<0BI^»L4v^ 

(zl=0. 2) ±«*-ty^S9 13*52 On 

SfffilB»f$n.qWffi^G a NOffiJr*ne.N?rSx.5* 
#(4#2llfetf>151©ro.fc 5 K* 7 «rKJhi-6fc»«5» 
(I nGaN-C«f££*l<&J?0. l<imETF) «r«AL 

[0076] mmnmm^'i @i oicf**^— ^* 

fl 0 0 05:*t. ^fru-if^l 00014, ®9 

LfctO-CfoS. n-GaNSttl001 
(K*30~300tfm) . n-GaNSSltMH 0 
0 2 (BgJ?0~3 0/im), n-IncGai-cN (0. 
OiScSO. 2) $2+181110 12 (HS)?0~0. 
lum) , n-Ali.G.i-«.N (0. OSSxlS 
0 2) TWfyy Kll 0 0 3 (stlEO. 6-1 Oii 
m ) . n-In,iGai-»iN (ylSbl) TfflS^ K 
11 0 0 4 (Bggd 1 ) > 1 nbiGai-biN# 

Fl, Inb2Ga,-bjN (b2<U)iIIi^ 
e>fc***#F»!» 1 0 0 5 W*t$fi 3 
7 0-4 4 Onm, WWa [»m] ) , AlnGa 
,.„N (OS z ISO. 3) TS6*+77*gl0 06 
(i|0~5 0nni) , p — I n»2G a i-y2N (y2S 
b 1 ) ±.U#J Kll 0 0 7 mm d 2 [nm] ) , P 
-Ali.GawiN (OSzlSO. 3) 3M**V? 
11013 (61PO~5 0nm) , p-Alx2Gai-x2 
N (0. 0 5Sx2S0. 2) m#?»Kll008 
(KWO. 4~10(im) , p-GaNa^nil 
0 0 9 (BSSO-l Onm) . fc«U d= (dl + d 
2) /2, y'= (ylXdl+y2Xd2) / (dl + 
4 2) , x= (xl + x2) /2, 5SWaS60, y 
60. 00 3/d-0. 0 0 3+ (0. 00 7-0. 2 
2XWa) + (-0. 010 + 0. lOXx) <0®&*. 

[0 0 7 7] *XMa>»n<o**#i'-*** 9 >* AK - 
fcv^-C, FFPirSBlietfct^^. 02Oi5li**W 
^B7r^^#^ 'J 7 7"/H4«tA/ifae>Jx-f. 

[0 0 7 8] #^K1©»*. K)?ro©ffll:, 

y6 0. 0 0 3/d + 0. 0 02+ (0. 00 7-0. 
22XWa) + (-0. 010 + 0. lOXx) <D®& 
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[0 0 7 9] (Jl&OBtt 6 ) 1 1 

0 014, j|*O»IB4O*»#^-**^900O** 
#JTfc>), n-GaNSfi901 (18S7 0Mm) *r+ 
77^f7Stel 1 0 1 (H¥6 0/im) fc U Sffil 1 

1 lSrn-GaN+BBl 1 0 2i:««t5i*i:U 

[0 0 80] * W-*** 1100 
OfHrtlCjav^-C, FFP&*U£L*:i:C*>, ■ 

■CV^fcfcfcfc, ^:-CR»M:9, n-GaNW 
tMcfclkU *B*>*-*-Ctt* f=FOJy^«t 2 

■C, *5-efcv*W\ 51-*^ K 

■ SrGaN-e**Lfc*fr4:Jt«i-5a:, 

v^FFP^tffcfcftafc^*^ *Stt<0»HB<0« 

»*tf*BT?fcfc. *7 7>TT*tRoaffitt. raw-* 

[0 0 8 1] (ttO»«7)*«#^fW120 
0 &B9 1 2 IC*1% **# 1 2 0 0 14, 

<0*tt 1 <0***^— f*^ 1 0 0 10 5$:, 

GaNi-.iP.i lelttUO. 0 3) #FB W2n 
m) tGiNwiPn (•2tt»0. ODKfli (K 
j?4nm) fcO*E#B«»^e>ft6 3«**»^W* 
11 2 0 5 (****4 0 0 nnu *BW 1 6 nm) t 

1 2 0 0 M****- * 
fc, SH4B1 2 0 6 S*fcfcw*. « 
ft;i££3 6 0-5 5 0 nmWllt Bltoa****^ 

[0 0 8 2] [£tt*>»tt8] w^^-f^no 

0 14, Htfc^fg 1 (0***^-**^ 1 o 0 tf>ftteJl 
10 5t GaNi-iAs.2 (e2!4ff)0. 0 2) #F 

1 Wff3nm) Hnb2Gai-b2N (b2l4#>0. 0 
5) RSB (IJ?5nm) t G>*51*BWa»»& 4* 2 
g&^#Ffist£l 1 3 0 5 4 4 0 n ro, ttM 
f2inm) kUfcttr*, «fc*>JB»l tPW^**^ 
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60-5 5 0 nraOt5i*C, R«0>»l*#»&ftfc. 
[00 8 3] [S*OB«9) «#W-W14 0 
0 £0 1 4 *^ 1 4 0 0 14, «tt 

vmm i o^ron"-* i o o mm 1 o 5 

Alii I nbi G a i-ti-bi Ni-«i-f 1 Pel A sf 1 (0^a 
1, OSbl, al + bl^l, OSel, 0£fl. 
el + fl<0. 5) #FiiAl.zUb2Ga 
i-.2-b2Ni-.2-fzP«2Asf2 (0Sa2, 0 £ b 2 , a 
2 + b2Sl, 0^e2, 0^f 2, e2+f 2<0. 
5) WtBkO«E*B#a*»6tt6ft««140 5 
3 6 0-5 5 0 nnu WW5^5 0 nm) 

[0 0 8 4] *jM©»»w*JV*-Ct», XlkoBBifc 

[0 0 8 5] £X±O|llite<0^tBw+"C»4, ±T^#-< K 
■tInGiNtLtMLt*fc^ 
r.WcRfeft6fc©-ett:4<, GaNlc&fiDt*^^ 
B*f»0**<ft6*5* 1 n^^tfl^TC*, 
tf, As, P, Tl^tWBbfcWRt**^***^ 
fooTfc4V\ 2MKB&, GaNAs, G 

aNP, GaNPAs, InGaNAs, InGaN 
P, I nGaNPAs, TIGaN, Tl I n G a 

jfe<0fctt<0+-CttW LT* fc I n*&fi)t0 6#0 1 £A s 
tftrtkl-Swk-C, «£3ftfc»*«>ttB-c, 

rtH^tMitifci ntart»4»<oi«:Ptfttf; 

k-T^Ck-e, «*3ftfclW»«B'0* B«©»*^ 
[0 0 8 6] Sfcfc* ♦BB^W**'--***^ * 

[0 0 8 7] 1 0) Bl 514, 

B©3lfc»*«MMf*«B 1 5 0 0 2 1 , S 

40 10 0, aM^l/^23, ^-A^^!Jy^2 
4, »»l/yX2 5, )tT><^^2 6, Elt**r»*-i" 

Oldfc^-t, !fB^l 0 O^fetHltbfc^- 

if #14, all t«-^^^^2 3-C¥tT# 1 bb<l4W{- 
lf-A^r'Jy^2 4«raaUX. 
#mi>yX2 SlZ.tQWf* *9 2 6^tt^l2^®*-^ 
#$ix6 0 *f^^2 6W»MM^ DflfitL 

50 *a**u-cv^. 
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ot»*ih, SDH************ 27 " 
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